
Chapter 1

Introduction

The high-level radioactive waste (HLW)
presently stored at the West Valley Dem-
onstration Project (WVDP) is the byprod-

uct of the reprocessing of spent nuclear fuel con-
ducted during the late 1960s and early 1970s by
Nuclear Fuel Services, Inc.(NFS).

Since the Western New York Nuclear Service
Center (WNYNSC) is no longer an active nuclear
fuel reprocessing facility, the environmental moni-
toring program focuses on measuring radioactiv-
ity and chemicals associated with the residual
effects of NFS operations and the Project�s high-
level waste treatment and low-level waste man-
agement operations. The following information
about the operations at the WVDP and about ra-
diation and radioactivity will be useful in under-
standing the activities of the Project and the terms
used in reporting the results of environmental
testing measurements.

Radiation and Radioactivity. Radioactivity
 is a process in which unstable atomic nu-

clei spontaneously disintegrate or �decay� into
atomic nuclei of another isotope or element. (See
isotope, p.5, in the Glossary.) The nuclei decay
until only a stable, nonradioactive isotope re-
mains. Depending on the isotope, this process
can take anywhere from less than a second to
hundreds of thousands of years.

As atomic nuclei decay, radiation is released in
three main forms: alpha particles, beta particles,
and gamma rays. By emitting energy or particles,
the nucleus moves toward a less energetic, more
stable state.

Alpha Particles. An alpha particle, released by
decay, is a fragment of a much larger nucleus. It
consists of two protons and two neutrons (simi-
lar to a helium atom nucleus) and is positively
charged. Compared to beta particles, alpha par-
ticles are relatively large and heavy and do not
travel very far when ejected by a decaying
nucleus. Alpha radiation, therefore, is easily
stopped by a thin layer of material such as paper
or skin. However, if radioactive material is in-
gested or inhaled, the alpha particles released
inside the body can damage soft internal tissues
because all of their energy is absorbed by tissue
cells in the immediate vicinity of the decay. An
example of an alpha-emitting radionuclide is the
uranium isotope with an atomic weight of 232
(uranium-232). Uranium-232 is in the high-level
waste mixture at the WVDP as a result of a tho-
rium-based nuclear fuel reprocessing campaign
conducted by NFS and has been previously de-
tected on occasion in liquid waste streams.

Beta Particles. A beta particle is an electron that
results from the breakdown of a neutron in a ra-
dioactive nucleus. Beta particles are small com-
pared to alpha particles, travel at a higher speed
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(close to the speed of light), and can be stopped by
a material such as wood or aluminum less than an
inch thick. If beta particles are released inside the
body they do much less damage than an equal num-
ber of alpha particles. Because they are smaller
and faster and have less of a charge, beta particles
deposit energy in fewer tissue cells and over a
larger volume than alpha particles. Strontium-90,
a fission product (see Glossary, p.4), is an ex-
ample of a beta-emitting radionuclide. Strontium-
90 is found in the stabilized supernatant.

Gamma Rays. Gamma rays are high-energy
�packets� of electromagnetic radiation, called pho-
tons, that are emitted from the nucleus. They are
similar to x-rays but generally have a shorter wave-
length and therefore are more energetic than x-
rays. If the alpha or beta particle released by the
decaying nucleus does not carry off all the energy
generated by the nuclear disintegration, the ex-
cess energy may be emitted as gamma rays. If the
released energy is high, a very penetrating gamma
ray is produced that can be effectively reduced
only by shielding consisting of several inches of a
heavy element, such as lead, or of water or con-
crete several feet thick. Although large amounts
of gamma radiation are dangerous, gamma rays
are also used in many lifesaving medical proce-
dures. An example of a gamma-emitting radionu-
clide is barium-137m, a short-lived daughter
product of cesium-137. Both barium-137m and
cesium-137 are major constituents of the WVDP
high-level radioactive waste.

Measurement of Radioactivity. The rate at
which radiation is emitted from a disinte-

grating nucleus can be described by the number
of decay events or nuclear transformations that
occur in a radioactive material over a fixed pe-
riod of time. This process of emitting energy, or
radioactivity, is measured in curies (Ci) or
becquerels (Bq).

The curie is based on the decay rate of the radio-
nuclide radium-226 (Ra-226). One gram of ra-
dium-226 decays at the rate of 37 billion nuclear

disintegrations per second (3.7 x 1010 d/s), so
one curie equals 37 billion nuclear disintegrations
per second. One becquerel equals one decay, or
disintegration, per second.

Very small amounts of radioactivity are some-
times measured in picocuries. A picocurie is one-
trillionth (10-12) of a curie, equal to 3.7 x 10-2

disintegrations per second, or 2.22 disintegrations
per minute.

Measurement of Dose. The amount of en-
ergy absorbed by the receiving material is

measured in rads (radiation absorbed dose). A rad
is 100 ergs of radiation energy absorbed per gram
of material. (An erg is the approximate amount of
energy necessary to lift a mosquito one-sixteenth
of an inch.) �Dose� is a means of expressing the
amount of energy absorbed, taking into account
the effects of different kinds of radiation.

Alpha, beta, and gamma radiation affect the body
to different degrees. Each type of radiation is
given a quality factor that indicates the extent of
human cell damage it can cause compared with
equal amounts of other ionizing radiation energy.
Alpha particles cause twenty times as much dam-
age to internal tissues as x-rays, so alpha radia-
tion has a quality factor of 20 compared to gamma
rays, x-rays, or beta particles, which have a qual-
ity factor of 1.

The unit of dose measurement to humans is the
rem (roentgen-equivalent-man). Rems are equal
to the number of rads multiplied by the quality
factor for each type of radiation. Dose can also be
expressed in sieverts. One sievert equals 100 rem.

Environmental Monitoring
Program Overview

Human beings may be exposed to radio-
activity primarily through air, water, and
food. At the WVDP all three pathways

are monitored, but air and surface water path-
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Ionizing Radiation

Radiation can be damaging if, in colliding with other matter, the alpha or beta particles or gamma
rays knock electrons loose from the absorber atoms. This process is called ionization, and the radia-
tion that produces it is referred to as ionizing radiation because it changes an electrically neutral
atom, in which the positively charged protons and the negatively charged electrons balance each
other, into a charged atom called an ion. An ion can be either positively or negatively charged.
Various kinds of ionizing radiation produce different degrees of damage.

Potential Effects of Radiation

The biological effects of radiation can be either somatic or genetic. Somatic effects are restricted to
the person who has been exposed to radiation. For example, sufficiently high exposure to radiation
can cause clouding of the lens of the eye or loss of white blood cells.

Radiation also can cause chromosomes to break or rearrange themselves or to join incorrectly with
other chromosomes. These changes may produce genetic effects and may show up in future genera-
tions. Radiation-produced genetic defects and mutations in the offspring of an exposed parent, while
not positively identified in humans, have been observed in some animal studies.

The effect of radiation depends on the amount absorbed within a given exposure time. The only
observable effect of an instantaneous whole-body dose of 50 rem (0.5 Sv) might be a temporary
reduction in white blood cell count. An instantaneous dose of 100-200 rem (1-2 Sv) might cause
additional temporary effects such as vomiting but usually would have no long-lasting side effects.

Assessing biological damage from low-level radiation is difficult because other factors can cause the
same symptoms as radiation exposure. Moreover, the body apparently is able to repair damage
caused by low-level radiation.

The effect most often associated with exposure to relatively high levels of radiation appears to be an
increased risk of cancer. However, scientists have not been able to demonstrate with certainty that
exposure to low-level radiation causes an increase in injurious biological effects, nor have they been
able to determine if there is a level of radiation exposure below which there are no biological effects.

Background Radiation

Background radiation is always present, and everyone is constantly exposed to low levels of such
radiation from both naturally occurring and manmade sources. In the United States the average total
annual exposure to this low-level background radiation is estimated to be about 360 millirem  (mrem)
or 3.6 millisieverts (mSv). Most of this radiation, approximately 295 mrem (2.95 mSv), comes from
natural sources. The rest comes from medical procedures, consumer products, and other manmade
sources. (See p. 4-3 in Chapter 4, Radiological Dose Assessment.)

Background radiation includes cosmic rays, the decay of natural elements such as potassium, ura-
nium, thorium, and radon, and radiation from sources such as chemical fertilizers, smoke detectors,
and televisions. Actual doses vary depending on such factors as geographic location, building ventila-
tion, and personal health and habits.
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ways are the two primary means by which radio-
active material can move off-site.

The geology of the site (types of soil and bed-
rock), the hydrology (location and flow of sur-
face water and groundwater), and meteorological
characteristics of the site (wind speed, patterns,
and direction) are all considered in evaluating
potential exposure through the major pathways.

The on-site and off-site monitoring program at
the WVDP includes measuring the concentration
of alpha and beta radioactivity, conventionally
referred to as �gross alpha� and �gross beta,� in
air and water effluents. Measuring the total al-
pha and beta radioactivity from key locations,
which can be done within a matter of hours, pro-
duces a comprehensive picture of on-site and off-
site levels of radioactivity from all sources. In a
facility such as the WVDP, frequent updating and
tracking of the overall levels of radioactivity in
effluents is an important tool in maintaining ac-
ceptable operations.

More detailed measurements are also made for
specific radionuclides. Strontium-90 and cesium-
137 are measured because they have been previ-
ously detected in WVDP waste materials.
Radiation from other important radionuclides such
as tritium or iodine-129 are not sufficiently ener-
getic to be detected by gross measurement tech-
niques, so these must be analyzed separately using
methods with greater sensitivity. Heavy elements
such as uranium, plutonium, and americium re-
quire special analysis to be measured because they
exist in such small concentrations in the WVDP
environs.

The radionuclides monitored at the Project are
those that might produce relatively higher doses
or that are most abundant in air and water efflu-
ents. Because manmade sources of radiation at
the Project have been decaying for more than
twenty years, the monitoring program does not
routinely include short-lived radionuclides, i.e.,
isotopes with a half-life of less than two years,

which would have only 1/1,000 of the original
radioactivity remaining. (See Appendix B [pp.
B-1 through B-44] for the schedule of samples
and radionuclides measured and Appendix K,
Table K-1 [p.K-3] for related Department of
Energy [DOE] protection standards, i.e., derived
concentration guides [DCGs] and half-lives of
radionuclides measured in WVDP samples.)

Data Reporting. Because the decay of radio-
active atoms is a random process, there is

an inherent uncertainty associated with all envi-
ronmental radioactivity measurements. This can
be demonstrated by repeatedly measuring the
number of atoms that decay in a radioactive
sample over some fixed period of time. The re-
sult of such an experiment would be a range of
values for which the average value would pro-
vide the best indication of how many radioactive
atoms were present in the sample.

However, in actual practice a sample of the envi-
ronment usually is measured for radioactivity just
once, not many times. The inherent uncertainty
of the measurement, then, stems from the fact
that it cannot be known whether the result that
was obtained from one measurement is higher or
lower than the �true� value, i.e., the average
value that would be obtained if many measure-
ments had been taken.

The term confidence interval is used to describe
the range of measurement values above and below
the test result within which the �true� value is ex-
pected to lie. This interval is derived mathemati-
cally. The width of the interval is based primarily
on a predetermined confidence level, i.e., the
probability that the confidence interval actually
encompasses the �true� value. The WVDP envi-
ronmental monitoring program uses a 95% con-
fidence level for all radioactivity measurements
and calculates confidence intervals accordingly.

The confidence interval around a measured value
is indicated by the plus-or-minus (±) value follow-
ing the result, e.g., 5.30 ± 3.6E-09 µCi/mL, with
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Derived Concentration Guides

A derived concentration guide (DCG) is de-
fined by the DOE as the concentration of a
radionuclide in air or water that, under con-
ditions of continuous exposure by one expo-
sure mode (i.e., ingestion of water,
submersion in air, or inhalation) for one
year, would result in an effective dose equiva-
lent of 100 mrem (1 mSv) to a �reference
man.� These concentrations  � DCGs �
are considered screening levels that enable
site personnel to review effluent and envi-
ronmental data and to decide if further in-
vestigation is needed. (See Table K-1,
Appendix K, p.K-3 for a list of DCGs.)

DOE Orders require that the hypothetical
dose to the public from facility effluents be
estimated using specific computer codes. (See
Dose Assessment Methodology [p.4-6] in
Chapter 4, Radiological Dose Assessment.)
Doses estimated for WVDP activities are
calculated using actual site data and are not
related directly to DCG values.

Dose estimates are based on a sum of iso-
tope quantities released and the dose equiva-
lent effects for that isotope. For liquid effluent
screening purposes, percentages of the DCGs
for all radionuclides present are added: if
the total percentage of the DCGs is less than
100, then the effluent released complies with
the DOE guideline.

Although the DOE provides DCGs for air-
borne radionuclides, the more stringent U.S.
Environmental Protection Agency (EPA)
National Emissions Standards for Hazard-
ous Air Pollutants (NESHAP) apply to
Project airborne effluents. As a convenient
reference point, comparisons with DCGs are
made throughout this report for both air and
water samples.

Environmental Monitoring Program Overview

the exponent of 10-9 expressed as �E-09.� Expressed
in decimal form, the number would be
0.0000000053 ± 0.0000000036 µCi/mL. A
sample measurement expressed this way is correctly
interpreted to mean �there is a 95% probability
that the concentration of radioactivity in this sample
is between 1.7E-09 µCi/mL and 8.9E-09 µCi/mL.�

If the confidence interval for the measured value
includes zero (e.g., 5.30 ± 6.5E-09 µCi/mL),
the value is considered to be below the detec-
tion limit. The values listed in tables of radioac-
tivity measurements in the appendices include
the confidence interval regardless of the detec-
tion limit value.

In general, the detection limit is the minimum
amount of constituent or material of interest de-
tected by an instrument or method that can be
distinguished from background and instrument
noise. Thus, the detection limit is the lowest value
at which a sample result shows a statistically posi-
tive difference from a sample in which no con-
stituent is present.

Nonradiological data conventionally are presented
without an associated uncertainty and are ex-
pressed by the detection limit prefaced by a  �less-
than� symbol (<) if that analyte was not
measurable. (See also Data Assessment and Re-
porting [p.5-7] in Chapter 5, Quality Assurance.)

Changes in the 1998 Environmental Moni-
toring Program. Changes in the 1998 en-

vironmental monitoring program enhanced the
environmental sampling and surveillance network
in order to support current activities and to pre-
pare for future activities.

� The quarterly environmental monitoring data
report (QEMDR) was discontinued in mid-1998.
The annual (radioactive) effluent information sys-
tem/on-site discharge information system (EIS/
ODIS) also was discontinued. Data formerly con-
tained in these two reports are now evaluated
monthly in the monthly trend analysis report
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(MTAR) and are summarized in full in the an-
nual site environmental report (SER).

� Air monitoring point ANSUPCV was discon-
tinued in 1998 because the supercompactor was
decommissioned and shipped off-site in May
1998.

� Effluent point ANLLWTVC was discontin-
ued in 1998 because the processes housed in the
O2 building were transferred to the new low-level
waste treatment (LLW2) facility.

� Monitoring point ANLLW2V, associated with
the new LLW2 facility, was added to the pro-
gram in 1998.

� Co-located NRC monitoring points used to in-
dependently verify environmental radiation lev-
els were discontinued in 1998.

Appendix B summarizes the program changes
(p.B-iv) and lists the sample points and param-
eters measured in 1998 (pp.B-1 through B-44).

Vitrification Overview. High-level radioac-
tive waste from NFS operations was origi-

nally stored in two of four underground tanks
(tanks 8D-2 and 8D-4). The waste in 8D-2, the
larger of the active tanks, had settled into two
layers: a liquid � the supernatant � and a pre-
cipitate layer on the tank bottom � the sludge.
To solidify the high-level waste, WVDP engi-
neers designed and developed a process of pre-
treatment and vitrification.

Pretreatment Accomplishments. The supernatant
(in tank 8D-2) was composed mostly of sodium
and potassium salts dissolved in water. Radioac-
tive cesium in solution accounted for more than
99% of the total radioactivity in the supernatant.
During pretreatment, sodium salts and sulfates
were separated from the radioactive constituents
in both the liquid portion of the high-level waste
and the sludge layer in the bottom of the tank.

Pretreatment of the supernatant began in 1988.
The integrated radwaste treatment system (IRTS)
reduced the volume of the high-level waste need-
ing vitrification by producing low-level waste sta-
bilized in cement: The supernatant was passed
through zeolite-filled ion exchange columns in
the supernatant treatment system (STS) to remove
more than 99.9% of the radioactive cesium. The
resulting liquid was then concentrated by evapo-
ration in the liquid waste treatment system
(LWTS). This low-level radioactive concentrate
was blended with cement in the cement solidifi-
cation system (CSS) and placed in 269-liter (71-
gal) steel drums. The cement-stabilized waste
form has been accepted by the U.S. Nuclear Regu-
latory Commission (NRC). Finally, the steel
drums were stored in an on-site aboveground
vault, the drum cell. Processing of the superna-
tant was completed in 1990, with more than
10,000 drums of cemented waste produced.

The sludge that remained was composed mostly
of iron hydroxide. Strontium-90 accounted for
most of the radioactivity in the sludge. Pretreat-
ment of the sludge layer in high-level waste tank
8D-2 began in 1991. Five specially designed 50-
foot-long pumps were installed in the tank to mix
the sludge layer with water in order to produce a
uniform sludge blend and to dissolve the sodium
salts and sulfates that would interfere with vitri-
fication. After mixing and allowing the sludge to
settle, processing of the wash water through the
integrated radwaste treatment system began. Pro-
cessing removed radioactive constituents for later
solidification into glass, and the wash water con-
taining salt was then stabilized in cement.

Sludge washing was completed in 1994 after ap-
proximately 765,000 gallons of wash water had
been processed. About 8,000 drums of cement-
stabilized wash water were produced.

In January 1995, high-level waste liquid stored
in tank 8D-4 was transferred to tank 8D-2. (Tank
8D-4 contained THOREX high-level radioactive
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waste, which had been produced by a single re-
processing campaign of a special fuel containing
thorium that had been conducted from Novem-
ber 1968 to January 1969 by the previous facility
operators.) The resulting mixture was washed and
the wash water was processed. The IRTS pro-
cessing of the combined wash waters was com-
pleted in May 1995.

In all, through the supernatant treatment process
and the sludge wash process, more than 1.7 mil-
lion gallons of liquid had been processed by the
end of 1995, producing a total of 19,877 drums
of cemented low-level waste.

As one of the final steps, the ion-exchange mate-
rial (zeolite) used in the integrated radwaste treat-
ment system to remove radioactivity was blended
with the washed sludge before being transferred
to the vitrification facility for blending with the
glass-formers. In 1995 and early 1996 final waste
transfers to high-level waste tank 8D-2 were com-
pleted in preparation for vitrification.

Preparation for Vitrification. Nonradioactive
testing of a full-scale vitrification system was con-
ducted from 1984 to 1989. In 1990 all vitrifica-
tion equipment was removed to allow installation
of shield walls for fully remote radioactive op-
erations. The walls and shielded tunnel connect-
ing the vitrification facility to the former
reprocessing plant were completed in 1991.

The slurry-fed ceramic melter was fully assembled,
bricked, and installed in 1993, and the cold chemi-
cal building was completed, as was the sludge mo-
bilization system that transfers high-level waste to
the melter. This system was fully tested in 1994.
Several additional major systems components also
were installed in 1994: the canister turntable,
which positions the stainless steel canisters as they
are filled with molten glass; the submerged bed
scrubber, which cleans gases produced by the
vitrification process; and the transfer cart, which
moves filled canisters to the storage area.

Nonradiological testing (�cold� operations) of the
vitrification facility began in 1995, and the first
canister of nonradiological glass was produced.
The WVDP declared its readiness to proceed with
the necessary equipment tie-ins of the ventilation
and utility systems to the vitrification facility build-
ing and tie-ins of the transfer lines to and from
the high-level waste tank farm and the vitrifica-
tion facility. In this closed-loop system, the trans-
fer lines connect to multiple common lines so that
material can be moved among all the points in
the system. High-level waste vitrification began
in 1996 and continued throughout 1998.

1998 Activities at the WVDP

The WVDP�s environmental management
system is an important factor in the
environmental monitoring program and

the accomplishment of its mission. Significant
components, initiatives, and pertinent informa-
tion about the work accomplished at the WVDP
in 1998 are summarized below.

Vitrification. Solidification of the high-level
waste in glass continued in 1998. The high-

level waste mixture of washed sludge and spent
zeolite from the ion-exchange process is com-
bined in batches with glass-forming chemicals and
then fed to a ceramic melter. The waste mixture
is heated to approximately 2,000oF and poured
into stainless steel canisters. Approximately 270
stainless steel canisters eventually will be needed
to hold all of the vitrified waste. Each canister,
10 feet long by 2 feet in diameter, is filled with a
uniform, high-level waste glass that will be suit-
able for eventual shipment to a federal reposi-
tory. During Phase I (June 1996 to June 1998)
210 canisters were filled.

In 1998 more than 2.1 million curies of radioac-
tivity were transferred to the vitrification facility
and fifty-two high-level waste canisters were pro-
duced. Since the beginning of vitrification in 1996
through calendar year 1998, 230 high-level waste

1998 Activities at the WVDP
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canisters have been filled. Based on analysis of
the first sixty-eight batches, more than 10.3 mil-
lion cesium/strontium curies have been transferred
to the vitrification facility and vitrified.

Environmental Management of Aqueous
Radioactive Waste. Water containing ra-

dioactive material from site process operations is
collected and treated in the low-level waste treat-
ment facility (LLWTF). (Water from the sani-
tary system, which does not contain added
radioactive material, is managed in a separate sys-
tem.) The treated process water is held, sampled,
and analyzed before it is released through a State
Pollutant Discharge Elimination System (SPDES)-
permitted outfall. In 1998, 43.5 million liters
(11.5 million gal) of water were treated in the
LLWTF and discharged through outfall 001, the
lagoon 3 weir.

The discharge waters contained an estimated 12
millicuries of gross alpha plus gross beta radio-
activity. Comparable releases during the previ-
ous thirteen years averaged about 41 millicuries
per year. The 1998 release was about 29% of
this average. (See Radiological Monitoring: Sur-
face Water, Low-level Waste Treatment Facility
Sampling Location [p.2-2] in Chapter 2.)

Approximately 0.20 curies of tritium were re-
leased in WVDP liquid effluents in 1998. This is
13% of the thirteen-year average of 1.57 curies.

Environmental Management of Airborne
Radioactive Emissions. Ventilated air from

the various points in the IRTS process (high-level
waste sludge treatment, main plant and liquid waste
treatment system, and the cement solidification
system) and from other waste management ac-
tivities is sampled continuously during operation
for both particulate matter and for gaseous radio-
activity. In addition to monitors that alarm if par-
ticulate matter radioactivity increases above preset
levels, the sample media are analyzed in the labo-
ratory for the specific radionuclides that are
present in the radioactive materials being handled.

Air used to ventilate the facilities where radioac-
tive material cleanup processes are operated is
passed through filtration devices before being
emitted to the atmosphere. These filtration de-
vices are generally more effective for particulate
matter than for gaseous radioactivity. For this
reason, facility air emissions tend to contain a
greater amount of gaseous radioactivity (e.g.,
tritium and iodine-129) than radioactivity associ-
ated with particulate matter (e.g., strontium-90
and cesium-137). However, gaseous radionuclide
emissions still remain so far below the most re-
strictive regulatory limit for public safety that
additional treatment technologies beyond that al-
ready provided by, for example, the vitrification
off-gas treatment system, are not necessary.

Gaseous radioactivity emissions from the main
plant in 1998 included approximately 34.5 milli-
curies of tritium (as hydrogen tritium oxide
[HTO]) and 4.97 millicuries of iodine-129. (See
Chapter 2, p.2-24, for further discussion of io-
dine-129 emissions from the main plant stack.)
In 1997, a year in which the vitrification system
was in operation for the entire year, tritium and
iodine-129 emissions were 140 millicuries and
7.43 millicuries respectively.

Particulate matter radioactivity emissions from
the main plant in 1998 included approximately
0.2 millicuries of beta-emitting radioactivity and
0.001 millicuries of alpha-emitting radioactivity.
In 1997, beta-emitting and alpha-emitting radio-
activity emissions were 0.4 millicuries and 0.001
millicuries respectively.

Unplanned Radiological Releases. There
were no unplanned air or liquid radiologi-

cal releases on-site or to the off-site environment
from the Project in 1998.

NRC-licensed Disposal Area (NDA) Inter-
ceptor Trench and Pretreatment System.

Radioactively contaminated n-dodecane in com-
bination with tributyl phosphate (TBP) was
discovered at the northern boundary of the NDA
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in 1983, shortly after the DOE assumed control
of the WVDP site. Extensive sampling and moni-
toring through 1989 revealed the possibility that
the n-dodecane/TBP could migrate. To contain
this subsurface organic contaminant migration,
an interceptor trench and liquid pretreatment sys-
tem (LPS) were built.

The trench was designed to intercept and collect
subsurface water, which could be carrying n-
dodecane/TBP, in order to prevent the material
from entering the surface water drainage ditch
leading into Erdman Brook. The LPS was in-
stalled to decant the n-dodecane/TBP from the
water and to remove iodine-129 from the col-
lected water before its transfer to the low-level
waste treatment facility. The separated n-
dodecane/TBP would be stored for subsequent
treatment and disposal.

As in previous years, no water containing n-
dodecane/TBP was encountered in the trench and
no water or n-dodecane/TBP was treated by the
LPS in 1998. Approximately 205,000 gallons of
water were collected from the interceptor trench
and transferred to lagoon 2 during the year.

Results of surface and groundwater monitoring
in the vicinity of the trench are discussed in Chap-
ter 2 under SDA and NDA Sampling Locations,
p.2-6, and in Chapter 3 under Results of Moni-
toring at the NDA, p.3-13.

Waste Minimization Program. The WVDP
formalized a waste minimization program

in 1991 to reduce the generation of low-level
waste, mixed waste, and hazardous waste. This
is an organized, comprehensive, and continual
effort to prevent or minimize pollution, and the
overall goal of this program is to reduce health
and safety risks, protect the environment, and
comply with all federal and state regulations. (For
more details see the Environmental Compliance
Summary: Calendar Year 1998, Waste Minimi-
zation and Pollution Prevention [p.ECS-5].)

Pollution Prevention Awareness Program. The
WVDP�s pollution prevention (P2) awareness pro-
gram is a significant part of the Project�s waste
minimization program. The goal of the program
is to make all employees aware of the importance
of pollution prevention both at work and at home.

A crucial component of the P2 awareness pro-
gram at the WVDP is the Pollution Prevention
Coordinators group. This group of volunteers
communicates, shares, and publicizes prevention,
reduction, reuse, and recycling information to all
departments at the WVDP.

The P2 coordinators identify and facilitate the
implementation of effective source reduction,
reuse, recycling, and procurement of recycled
products. Six self-directed teams evaluate spe-
cific concerns and issues and make recommen-
dations for resolution.

Accomplishments of the P2 Awareness Program.
As part of the goal of achieving a larger commu-
nity awareness of pollution prevention, the Pol-
lution Prevention Coordinators organized annual
Earth Day activities for WVDP employees and a
community outreach that involved a local busi-
ness, the local school, the WVDP, and the sur-
rounding community. The P2 coordinators also
promoted the first WVDP event for National
Pollution Prevention Week as well as the first
Energy Awareness Month, sponsored by the
Department of Energy. In addition, the P2 coor-
dinators created a P2 web page on the site�s
Intranet that highlights activities, resources, and
successes of the Waste Minimization/Pollution
Prevention Program.

Waste Management. Significant achievements in
1998 included overall strategy and long-range
waste management program planning; waste stor-
age, processing, and off-site disposal; compli-
ance with regulatory requirements; waste volume
reduction; and waste minimization and pollution
prevention.

Waste Minimization Program
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� The WVDP Site Technology Coordination
group continued to help identify and implement
new waste management technologies for WVDP
wastes. This group is charged with identifying
technology required to meet existing and future
waste management goals, evaluating emerging
technologies, and promoting technology transfer
between DOE facilities, federal agencies, and
private industry.

� Improved wastewater technology was incor-
porated, resulting in a reduction of approximately
1,000 ft3 per year in the volume of ion-exchange
resin used for treating north plateau groundwater
and for operation of the LLWTF.

� Low-level radioactive waste shipments off-site
to licensed treatment, storage, and disposal fa-
cilities (TSDFs) totaled 10,422 ft3 in 1998, com-
pared to 4,835 ft3 in 1997.

� Approximately 200,000 lbs of nonradioactive
testing glass was sent to a recycling facility in
lieu of disposal.

� Excess stocks of mercury thermometers were
shipped to area universities for reuse, avoiding
disposal as a hazardous waste.

�  Decommissioned equipment was radiologi-
cally surveyed and released for reuse on-site,
resulting in a reduction of approximately 167 ft3

of low-level waste.

Three additional waste management milestones
were completed during 1998: Matching Technolo-
gies Being Pursued to Site Needs, Classification
of Backlog Wastes in Inventory, and Completion
of a Soil Management Program.

The Waste Management department also was re-
engineered to improve methods of addressing
waste management at the WVDP. Reengineering
included establishing a baseline database and pro-
viding characterization and disposition informa-
tion during work planning. Other procedural

improvements included container management,
staging, and transportation.

National Environmental Policy Act Activi-
ties. Under the National Environmental

Policy Act (NEPA), the Department of Energy
is required to consider the overall environmental
effects of its proposed actions or federal projects.
The President�s Council on Environmental Qual-
ity established a screening system of analyses and
documentation that requires each proposed ac-
tion to be categorized according to the extent of
its potential environmental effect. The levels of
documentation include categorical exclusions
(CXs), environmental assessments (EAs), and
environmental impact statements (EISs).

Categorical exclusions evaluate and document
actions that will not have a significant effect on
the environment. Environmental assessments
evaluate the extent to which the proposed action
will affect the environment. If a proposed action
has the potential for significant effects, an envi-
ronmental impact statement is prepared that de-
scribes proposed alternatives to an action and
explains the effects.

NEPA activities at the WVDP involve facility
maintenance and minor projects that support high-
level waste vitrification. These projects are docu-
mented and submitted for approval as categorical
exclusions, although environmental assessments
are occasionally necessary.

In December 1988 the DOE published a Notice
of Intent to prepare an environmental impact
statement for the completion of the WVDP and
closure of the facilities at the WNYNSC. The
environmental impact statement describes the
potential environmental effects associated with
Project completion and various site closure al-
ternatives.

The draft environmental impact statement was
completed in 1996 and released for a six-month
public review and comment period. Comments
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In addition to the public comment pro-
cess required by the National Environ-
mental Policy Act, NYSERDA, with
participation from the DOE, formed a
Citizen Task Force in January 1997. The
mission of the Task Force is to assist in
the development of a preferred alterna-
tive for the completion of the West Val-
ley Demonstration Project and the
cleanup, closure, or long-term manage-
ment of the facilities at the Western New
York Nuclear Service Center. The Task
Force process has helped illuminate the
various interests and concerns of the
community, increased the two-way flow
of information between the site manag-
ers and the community, and provided
an effective way for the Task Force mem-
bers to establish a mutually agreed upon
set of recommendations for the site man-
agers to consider in their decision-mak-
ing process.

currently are being evaluated. Having met
throughout 1997 and 1998 to review alternatives
presented in the environmental impact statement,
the Citizen Task Force issued the West Valley
Citizen Task Force Final Report (July 29, 1998).
This report provided recommendations and ad-
vice on the development of a preferred alterna-
tive. The Citizen Task Force continues to meet
and discuss the issues related to this environmental
impact statement.

The Nuclear Regulatory Commission (NRC), as
a cooperating agency in this environmental im-
pact statement and as part of its responsibilities
under the WVDP Act, issued SECY-98-251,
Decommissioning Criteria for West Valley (Oc-
tober 30, 1998). This document proposed decom-
missioning criteria for the WVDP and the West
Valley site and identified potential alternatives that
may be necessary to ensure acceptable long-term
control and care of the site. The NRC staff pre-
sented this to the NRC Commissioners for their
approval. The DOE, NYSERDA, NYSDEC, and
the Citizen Task Force were invited to the brief-
ing. (See the Environmental Compliance Sum-
mary: Calendar Year 1998 [p.ECS-14] for a more
detailed discussion of specific NEPA activities in
1998.)

A supplement to the draft environmental impact
statement is scheduled for release in 1999, with a
final version of the EIS expected in 2000.

Self-assessments continued to be conducted
in 1998 to review the management and ef-

fectiveness of the WVDP environmental pro-
tection and monitoring programs. Results of
these self-assessments are evaluated and correc-
tive actions are tracked through completion.
Overall results of these self-assessments found
that the WVDP continued to implement and in
some cases improve the quality of the environ-
mental protection and monitoring program. (See
the Environmental Compliance Summary: Cal-
endar Year 1998 [p.ECS-19] and Chapter 5,
Quality Assurance [p.5-6].)

Occupational Safety and Environmental
Training. The occupational safety of per-

sonnel who are involved in industrial operations
under DOE cognizance is protected by standards
mandated by DOE Order 5480.4, Environmen-
tal Protection, Safety, and Health Protection
Standards, which directs compliance with spe-
cific Occupational Safety and Health Act
(OSHA) requirements. This act governs diverse
occupational hazards ranging from electrical
safety and protection from fire to the handling
of hazardous materials. The purpose of OSHA
is to maintain a safe and healthy working envi-
ronment for employees.

Hazardous Waste Operations and Emergency
Response regulations require that employees at
treatment, storage, and disposal facilities, who

Occupational Safety and Environmental Training
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may be exposed to health and safety hazards dur-
ing hazardous waste operations, receive training
appropriate to their job function and responsi-
bilities. The WVDP Environmental, Health, and
Safety training matrix identifies the specific train-
ing requirements for affected employees.

The WVDP provides the standard twenty-four-
hour hazardous waste operations and emergency
response training. (Emergency response training
includes spill response measures and controlling
contamination of groundwater.) Training pro-
grams also contain information on waste minimi-
zation, pollution prevention, and the WVDP
environmental management program. Besides this
standard training, employees working in radio-
logical areas receive additional training on sub-
jects such as understanding radiation and radiation
warning signs, dosimetry, and respiratory pro-
tection. In addition, qualification standards for
specific job functions at the site are required and
maintained. These programs have evolved into a
comprehensive curriculum of knowledge and
skills necessary to maintain the health and safety
of employees and ensure the continued compli-
ance of the WVDP.

The WVDP maintains a hazardous materials re-
sponse team that is trained to respond to spills of
hazardous materials. This team maintains its pro-
ficiency through classroom instruction and sched-
uled training drills.

Medical emergencies on-site are handled by the
WVDP Emergency Medical Response Team.
This team consists of on-site professional medi-
cal staff, volunteer New York State-certified
emergency medical technicians, and main plant
operators who are certified as New York State
First Responders.

Any person working at the WVDP who has a
picture badge receives general employee training
covering health and safety, emergency response,
and environmental compliance issues. All visi-
tors to the WVDP receive a site-specific briefing

on safety and emergency procedures before be-
ing admitted to the site.

ISMS Implementation. An integrated envi-
ronmental, safety, and health (ES&H) man-

agement system (ISMS) was implemented at the
WVDP during 1998. The original implementa-
tion plan comprised eight key areas to be im-
proved and included writing a safety management
system description, developing two new site-spe-
cific procedures, and integrating more than thirty
key procedures.

Enhanced work planning (EWP) closely matches
the core elements of ISMS and was one of the
more important areas identified for improvement
to successfully implement ISMS at the Project.
Organizing the site-wide work review group
(WRG) was the most  significant EWP initiative.
The WRG provides review and input for pro-
posed work documents and, along with other im-
provements such as up-front worker involvement,
satisfied EWP and ISMS requirements. As a re-
sult, the EWP and ISMS programs received veri-
fication from the DOE Ohio Field Office (i.e.,
DOE accepted these programs).

Environmental management at the WVDP is in-
tegrated with other safety-management processes
at the site. Existing environmental management
procedures provide the basic policy and direc-
tion for accomplishing work through proactive
management, environmental stewardship, and
integration of appropriate technologies across all
Project functions. Potential threats to the envi-
ronment are evaluated through environmental
assessments (EAs) or environmental impact state-
ments (EISs), which are required by the National
Environmental Policy Act (NEPA).

The two predominant environmental management
systems are the Code of Environmental Manage-
ment Principles for Federal Agencies (CEMP)
and the ISO/DIS 14001, Environmental Manage-
ment Systems - Specification for Guidance and
Use. CEMP was developed by the EPA in re-
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Performance measures can be used to evalu-
 ate effectiveness, efficiency, quality, time-
liness, productivity, safety, or other areas

that reflect achievements related to organization
or process goals and can be used as a tool to
identify the need to institute changes.

Several performance measures applicable to op-
erations conducted at the WVDP are discussed
below. These measures reflect process perfor-
mance related to wastewater treatment in the low-
level waste treatment facility, the identification
of spills and releases, the reduction in the gen-
eration of wastes, the potential radiological dose
received by the maximally exposed off-site indi-
vidual, and the transfer of high-level waste to the
vitrification system.

Radiation Doses to the Maximally Exposed
 Off-Site Individual. One of the most im-

portant pieces of information derived from envi-
ronmental monitoring program data is the
potential radiological dose to an off-site individual
from on-site activities. As an overall assessment
of Project activities and the effectiveness of the
as-low-as-reasonably achievable (ALARA) con-
cept, the effective radiological dose to the maxi-

mally exposed off-site
individual is an indicator of
well-managed radiological
operations. The effective
dose equivalent for air ef-
fluent emissions, liquid ef-
fluent discharges, and
other liquid releases (such
as swamp drainage) from
1993 through 1998 are
graphed in Figure 1-1 (this
page). Note that the sum
of these values is well be-
low the DOE standard of
100 mrem. These consis-
tently low results indicate
that radiological activities

sponse to Executive Order 12856, Federal Com-
pliance with Right-to-Know Laws and Pollution
Prevention Requirements. CEMP uses five broad
principles and underlying performance objectives
as the basis for federal agencies to move toward
responsible environmental management. These
principles help ensure environmental performance
that is proactive, flexible, cost-effective, inte-
grated, and sustainable. ISO/DIS 14001, devel-
oped by the International Organization for
Standardization (ISO), provides a comparable en-
vironmental management system that is being
implemented throughout the world. The elements
of an environmental management system corre-
spond to the guiding principles and core func-
tions of an integrated safety management system.

EMS Implementation. The environmental
management system at the WVDP encom-

passes the requirements of both the CEMP and
ISO 14001. This system allows the effects of site
activities on the environment to be considered;
follows practices that eliminate or minimize nega-
tive effects; includes monitoring and compliance
with all applicable environmental laws, regula-
tions, and requirements; and requires the man-
agement of programs, projects, and activities in
a manner that protects the environment and pub-
lic health.

Performance Measures
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at the site are well-controlled. (See also Table 4-
2 [p.4-7] in Chapter 4, Radiological Dose As-
sessment.)

SPDES Permit Limit Exceedances. Effec-
tive operation of the site wastewater treatment

facilities is indicated by compliance with the ap-
plicable discharge permit limitations. Approxi-
mately sixty parameters are monitored regularly
as part of the SPDES permit requirements. The
analytical results are reported to the state via Dis-
charge Monitoring Reports required under the
SPDES program.

Although the goal of the low-level waste treat-
ment facility (LLWTF) and wastewater treatment
facility (WWTF) operations is to maintain efflu-
ent water quality consistently within the permit
requirements, occasionally SPDES permit limit
exceedances do occur. A Water Task Team com-
posed of WVDP personnel with expertise in
wastewater engineering, treatment plant opera-
tions and process monitoring, and NPDES/
SPDES permitting and compliance was formed
in 1995 to address the causes of these exceptions.

All SPDES permit limit exceedances are evalu-
ated to determine their cause and to identify cor-
rective measures. In recent years, virtually all of
the recorded exceptions were for parameters such
as nitrite, pH, and five-day biochemical oxygen
demand (BOD5), which regulate or are greatly
influenced by natural (microbiological) treatment
processes occurring at the site�s industrial and
sanitary WWTF and the LLWTF. However, there
were no exceedances during 1998.

Although exceedances are not always related to
operating deficiencies, corrective actions may
include improved operation or treatment tech-
niques. Some examples of the problems solved
over the last four years are as follows:

� Elevated concentrations of nitrogen-based nu-
trients (nitrite, in particular) at the LLWTF

Nitrite is normally an intermediate compound
formed during microbiological conversion of
ammonia to nitrate. The conversion process
was inhibited by excess nitrate, pH below
6.0 standard units, and cold weather. This
was remedied through better control of pH
in the open-air lagoons, enhanced process
monitoring to detect substantial changes in
nutrient concentrations in the lagoons, and
elimination of nitric acid from the filter back-
flush (cleaning) procedure. Eliminating ni-
tric acid became feasible when the anthracite
filter media was replaced with sand filter
media, which can be effectively backflushed
with softened water. Since the replacement
filter began operating, nitrate (as nitrogen)
concentrations have been reduced by approxi-
mately 90% and no permit exceptions for
nitrite (as nitrogen) have occurred.

� Excess algae in the LLWTF lagoons

Seasonal algal growth caused elevated oxy-
gen demand and fluctuating pH conditions in
the LLWTF effluent holding lagoons. This was
remedied by adding hydrogen peroxide to the
water treatment process, consistent sparging
(aeration) of the lagoons to increase dissolved
oxygen  content, using filter socks to capture
particulates entrained in the effluent water
column, and modifying the SPDES permit with
a revised method for determining compliance
with the limit for BOD5 that takes into consid-
eration the cumulative contribution of all
Project-regulated effluents rather than indi-
vidual discharges.

� Elevated nitrite and BOD
5
 at the WWTF

Sudden weather-induced temperature changes
in the WWTF influent, which was stored in
an open-air flow equalization basin, affected
the performance of this microbiological (acti-
vated sludge)-based treatment process. An
underground influent surge tank was installed
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in 1997 to make efficient use of the insulating
effect of the surrounding soil. Since that time,
discharge monitoring results for these param-
eters have remained within permit limits.

� Changes in receiving stream conditions be-
tween sample collection events causing elevated
total dissolved solids in Frank�s Creek

Augmentation water from the site reservoirs
is used to control the total dissolved solids
concentrations in Frank�s Creek during la-
goon discharges. The delay associated with
off-site shipment and analysis of permit-re-
quired process control samples created a sig-
nificant time interval for stream conditions
to change without an appropriate adjustment
in augmentation flow to ensure compliance.
On-site analysis for total dissolved solids was
implemented, which shortened the time in-
terval from sample collection and analysis to
flow adjustment and reduced the associated
risk for undetected changes in receiving
stream conditions during this time period.

� Surface Water Infiltration Projects

Two projects were implemented to divert
surface water away from the main plume area
on the north plateau. These projects involved
capturing surface water runoff from the north
parking lot area and placing a low perme-
ability soil layer east of the north parking area.

The Water Task Team�s efforts have produced
significant results, as shown in Figure 1-2 (this
page), which graphs the number of SPDES per-
mit exceedances from calendar years 1993
through 1998. The annual number of exceptions
to the numerical discharge limits in the site�s
SPDES permit have been substantially reduced,
and in 1998, for the first time since the DOE
began operating the Project (in 1982), no ex-
ceptions occurred.

Waste Minimization and Pollution Pre-
vention. The WVDP has initiated a pro-

gram to reduce the quantities of waste generated
from site activities. Reductions in the generation
of low-level radioactive waste, radioactive mixed
waste, hazardous waste, industrial wastes, and
sanitary wastes such as paper, glass, plastic,
wood, and scrap metal were targeted. To dem-
onstrate the effectiveness of the waste minimiza-
tion program, a graph of the percentage of waste
reduction achieved above the annual goal for each
category is presented in Figure 1-3 (p.1-16) for
calendar years 1993 through 1998. Not all waste
streams have been tracked over this period. Note
that the low-level radioactive waste figures from
1993 through 1995 include the volume of
drummed waste produced in the cement solidifi-
cation system. The hazardous waste quantity for
1994 also includes about 1,900 kilograms (4,200
lbs) of waste produced in preparing for vitrifica-
tion. Hazardous waste and industrial waste vol-
umes have been tracked separately for
vitrification-related and nonvitrification-related
waste streams since vitrification began in 1996.
To maintain historical comparability, the percent-
ages in Figure 1-3 include only the nonvitrifica-
tion portions of these two waste streams.

Performance Measures
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Spills and Releases. Chemical spills greater
than the applicable reportable quantity must

be reported immediately to NYSDEC and the
National Response Center and other agencies as
required. There were no reportable chemical spills
during 1998.

Petroleum spills greater than 5 gallons or of any
amount that travel to waters of the state must be
reported immediately to the NYSDEC spill hot-
line and entered in the monthly log. There were
two minor spills of petroleum immediately re-
portable to NYSDEC in 1998. Each of these two
releases included less than 1 gallon of diesel fuel
that was spilled on paved areas and was promptly
contained and cleaned up by site personnel. Fig-
ure 1-4 (this page) is a bar graph of immediately
reportable spills from 1992 to 1998.

Prevention is the best means of protection against
oil, chemical, and hazardous substance spills or
releases. WVDP employees are trained in appli-
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cable standard operating procedures
for equipment that they use, and best
management practices have been de-
veloped that identify potential spill
sources and present measures to re-
duce the potential for releases to oc-
cur. Spill training, notification, and
reporting policies have also been de-
veloped to emphasize the responsi-
bility of each employee to report
spills immediately upon discovery.
This first-line reporting helps to en-
sure that spills will be properly docu-
mented and mitigated in accordance
with applicable regulations.

Vitrification. A primary objec-
  tive of the West Valley Demon-

stration Project is to safely solidify
the high-level radioactive waste at
the site in borosilicate glass. To do
this, the high-level waste sludge is
transferred in batches from the tank

where it currently is stored to the vitrification
facility. After transfer, the waste is solidified into
a durable glass for safe storage and future trans-
port to a federal repository. It is estimated that
11 million to 12 million curies of strontium and
cesium radioactivity in the high-level waste even-
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tually will be vitrified. (Radio-
active cesium and strontium iso-
topes account for 98% of the
long-lived radioactivity.) To
quantify the progress made to-
ward completing the vitrifica-
tion goal, Figure 1-5 (this page)
shows the number of curies
transferred per month to the vit-
rification facility in 1998.

On June 10, 1998, the WVDP
marked completion of the
Project�s production phase
(Phase I) of high-level waste
processing. This milestone included
safely vitrifying 85% of the high-level
waste inventory in 210 canisters of so-
lidified waste glass and immobilizing
more than 9.3 million curies of radio-
activity. A total of 230 canisters were
filled and more than 10.3 million cu-
ries were immobilized through vitri-
fication by year end, bringing the
cumulative Project total of immobi-
lized liquid high-level waste to more
than 20 million curies, including pre-
treatment and vitrification.

Performance Measures
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